Before the arrival of humans, many oceanic islands housed bizarre mammal faunas. Dwarf 3 1 proboscideans used to occur on Mediterranean islands, the Channel Islands in California, and the island 3 2 of Timor in Southeast Asia, but all are extinct (Faurby and Svenning 2015) . Similarly, giant rats were 3 3 frequent on islands, with only a few species that are extant (Faurby and Svenning 2015) , although in 3 4 some cases with much reduced ranges, e.g., the Malagassy giant rat (Hypogeomys antimena) (Burney et 3 5 al. 2008 ). In addition to these clades with numerous deviant island forms, many other clades also had a 3 6 single or a few odd-sized island species, e.g., the extinct dwarf hippos of Crete and Madagascar and the 3 7 extinct Sardinian giant pika (Stuenes 1989 , Angelone et al. 2008 ).
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These bizarre island mammals stimulated the proposal of the island rule, which states that see patterns in all datasets (Van Valen 1973 , Meiri et al. 2008 , Raia et al. 2010 , Lomolino et al. 2011 ).
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Critics of the island rule argue two primary points, both of which we overcome in the 4 8 1 0 0 island lineages. To determine the potential importance of the factors responsible for the apparent lack 1 0 1 of support for the island rule in the earlier studies that integrated phylogenetic relationships between 1 0 2 species, we estimated the effects of including or excluding bats and extinct species and different 1 0 3 definitions of islands. For all analyses, we used the taxonomy and the phylogeny of a recent mammalian phylogeny, which 1 0 8 included all species with dated occurrences within the last 130,000 years, but no likely chronospecies 1 0 9 (Faurby and Svenning 2015). Notably, most extant mammal species existed throughout this period and 1 1 0 therefore coexisted with the extinct species, and there is increasing evidence that Homo sapiens were information for 3629 of the 5673 species was used from the older database, but our complete database 1 1 7 contained information from a total of 709 separate data sources (644 articles published in 146 separate 1 1 8 journals, 55 books, 8 web resources and personal information from 2 experts; the complete database is 1 1 9 available in the Supplementary Data, in addition to information on which islands all island endemic 1 2 0 species are found). For the species for which the weight data were not available, the weights were 1 2 1 generally estimated with the assumption of strict isometries for related similar sized species. The 1 2 2 isometry was generally assumed for forearm length in bats and body length (excluding tail) for the 1 2 3 remaining species, but other measures were also used occasionally. We scored island endemic or remainder as a binary character and defined island endemics based 1 2 5 on three definitions. The loose and classical definition was any species endemic to any area, which are 1 2 6 the oceanic islands at the current sea levels. The species that are currently restricted to islands (or were 1 2 7 restricted until their extinction in historical times) but with former Holocene occurrences on the 1 2 8 mainland, e.g., the Tasmanian devil (Sarcophilus harrisii) and the Tasmanian tiger (Thylacinus 1 2 9 cynocephalus) (Johnson and Wroe 2003), were not scored as island endemics. The strict definition was 1 3 0 for any species that was not found on any continent or any island connected to a continent during the 1 3 1 ice ages (i.e., any island for which the deepest water-level between the island and a continent was less 1 3 2 than 110 meters deep). Using this restricted definition, the island endemics were species for which the 1 3 3 majority of their evolutionary history were restricted to islands instead of species that happened to be 1 3 4
on islands with the current sea levels. For the few species that evolved by rapid speciation since the last Therefore, we also used a semi-strict definition, which was a relaxation of the strict island definition, 1 3 8 and any species that did not occur on large land-bridge islands (larger than 1000 km 2 ) were also scored 1 3 9 as island endemics. We acknowledge that this threshold was somewhat arbitrary, but rapid speciation 1 4 0 since the end of the last ice age likely required a small population size and therefore a limited area. The (1658 km 2 , the smallest land-bridge island above 1000 km 2 that contained an endemic species) 1 4 4 appeared to have been isolated for substantially longer than the end of the last ice age (Ting 2008). The phylogeny used in this study consisted of the 1000 separate, random fully bifurcating trees from a (2015). Separate analyses were initially performed for each of the 1000 trees after which the results 1 5 0 from each tree were combined. For each island endemic species (IE), we found the largest clade that contained only island 1 5 2 endemics (C Island ) and the smallest clade that contained both island endemics and nonendemics and 1 5 3 removed all members of C Island from this clade (hereafter C Mainland ). We then estimated ancestral 1 5 4 log 10 (Weight) for all C Island and C Mainland , assuming Brownian motion. With the removal of the island 1 5 5 endemics for the calculation of C Mainland , we allowed body size evolution to differ between island and 1 5 6 9 mainland clades but did not enforce such differences. Following this procedure, we sampled all the 1 5 7 island endemic species in random order, listed all members of C Island and, if the sampled species was 1 5 8 not a member of the C Island of any previously sampled species, noted the size of the (Size Mainland ) and 1 5 9 whether this size was smaller or larger than Size Island . Therefore, our end products were a vector of 1 6 0 ancestral mainland weights for independent island invasions and a corresponding vector with binary 1 6 1 information on whether the island invaders were smaller than the mainland ancestors. To reduce the 1 6 2 effects of measurement errors on weight, we discarded from further analyses all island invasions for 1 6 3 which the difference in weight between Size Mainland and Size Island was smaller than 10%. Supplementary 1 6 4 analyses were performed using 0%, 5%, 15% and 20% weight difference thresholds, but the results 1 6 5 changed very little, although there was a tendency for a weaker island rule with the 0% threshold, We then fitted zero to the 4 th degree polynomial models of the probability of size decrease as a potential values of Size Mainland between 0.0 and 6.0 (i.e., untransformed weights between 1 g and 1 ton) 1 7 1 in steps of 0.1 for all models, we then calculated the means and the variances,
, respectively, for the untransformed fitted The results were thereafter combined for all five models for each potential value of C Mainland as a AIC weight. Therefore, the combined result was that the predicted effect for any k would be in the several quantiles for the Combined k were transformed into probabilities.
We tested the effect of the definition of an island endemic, the potential effect of the Because our analysis included approximately 99% of all mammal species, the issue of publication bias 1 9 0 was dismissed. However, we acknowledge that small biases might remain because of taxonomic 1 9 1 practices, e.g., whether island populations that diverged more in size from their mainland relatives were 1 9 2 more likely to be classified as separate species. One example of such a small bias is the island endemic species are generally found on land-bridge islands (as with the pygmy sloth), and therefore, this type of 1 9 5
bias is a problem that should affect only the classical or semi-strict but not the strict island endemic randomized anew for each of the 1000 trees. Strong support for the island rule was provided when bats were excluded from the analysis but only 2 0 9
weak support when the bats were included. Among the 12 combinations of island-type definitions and 2 1 0
included species, the strongest support for the island rule (measured as the difference between the 2 1 1 predicted probability for size increase species for species with a size of 1 ton and 1 gram) was with the 2 1 2 strict island definition and the exclusion of bats but the inclusion of extinct species (Table 1, Figure 1 ,
Figures S1-S5). The inclusion of bats in the analysis consistently led to markedly lower support for the 2 1 4
island rule, and the addition of the bats removed or at least reduced the tendency for small mammals to 2 1 5 increase in size on islands. The inclusion of the extinct species and the application of the strict or semi-2 1 6 strict island definitions provided stronger support for the island rule, but only when bats were excluded. The definitions of island endemics and the exclusion or inclusion of bats and extinct 2 2 0 species also changed the shape of the relationship between body size and body size change on islands, 2 2 1 in addition to influencing the magnitude of the island rule. For the strict island definition, when bats 2 2 2 were excluded but extinct species were included, the apparent optimal size (the body size for which 2 2 3 1 4 size increases and decreases are equally likely) was 500 gram (10 2.7 g). On the other hand, for the 2 2 4 classical island definition, when bats were included and, extinct species were not included, the optimal 2 2 5 size was only 20 gram. (Table 1) .
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Our analysis of the effect of randomization of body sizes showed no support for the island genera were removed from the analysis with randomization within genera, almost no relationship 2 3 0 between the body size and the directionality of size change was detected (Figure 2a ). A slightly 2 3 1 stronger but still weak pattern was found when the island endemic genera were included in the analysis 2 3 2 ( Figure 2b) ; however, randomization at the family level ( Figure 2c ) was required to falsely generate a 2 3 3 pattern with substantial support for the island rule (the pattern with complete randomization was almost 2 3 4
identical to the pattern for randomization at the family level, results not shown). The results of these 2 3 5
randomizations strongly suggested that the support for the island rule was not an analytical artifact. All panels show the effect of randomization of body sizes for the strict island rule, when extinct species are included but bats are excluded (analogous to Figure 1d ). In Figure 2a , body sizes are randomized across all genera but with all island endemic genera excluded from the analysis, whereas in Figure 2b , body sizes are randomized across all species within genera and the island endemic genera are included in the analysis. In Figure 2c , body sizes are randomized 1 5 across all species within families. The validity of the island rule was clearly supported with our results. Therefore, we suggest that part of 2 4 1 the explanation for the lack of evidence for the island rule in the earlier interspecific study (Raia et al. extant species (i.e., species that occurred within the Late Pleistocene or Holocene). In this regard, we 2 4 6
do not state explicitly that the models that excluded bats in our analysis provided a better fit to the data 2 4 7 than the models that included bats; however, we do state that the estimated effect of body size (i.e., the 2 4 8 island rule) is substantially stronger in the models that excluded bats.
4 9
The effects of including or excluding land-bridge islands and bats into the analysis can 2 5 0 potentially be seen as two sides of the same story. If the primary factor for the island rule was 2 5 1 ecological release, the rule would only be realized on islands with reduced numbers of predators or 2 5 2 competitor species. Therefore, the island rule would not apply or would be much less applicable to the 2 5 3 land bridge islands, which were part of the continental mainland during the last glaciation, in addition 2 5 4 to many earlier periods during the Pleistocene. The species on the land-bridge islands would have 2 5 5 experienced similar faunas as on the current mainland for a large part of their evolutionary history, and 2 5 6 therefore these species would not have experienced ecological release, or only relatively brief release. Similarly, island bats were not likely to experience a significant ecological release because the primary 2 5 8 predators of bats are birds such as raptors and owls (Rydell and Speakman 1995). These birds are 2 5 9
